Objective: Exposure is regarded to be a crucial component of therapies for phobias.
IntrOductIOn
A third of the general population in the western world has trouble flying without worries, and again one third of this group does not fly at all (1, 2) . Yet only a few of all those people face their fear and start therapy. Although highly efficacious on the short term (3), little is known about therapy effectiveness in the long run. Fear of Flying (FOF) is a heterogeneous phenomenon and often includes, or is a combination of, acrophobia, claustrophobia, fear of losing control, fear of a crash, and panic and social phobias. Although classified as a specific phobia, also known as simple phobia, fear of flying is far from simple in view of the heterogeneous and compound nature of this phobia. This is mirrored in the divergent outcomes of the studies on this subject (1, 2, (4) (5) (6) . Especially the physiological reactivity to flight-stressors is complex (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Therapy often tackles the multitude of underlying phenomena with a combination of providing information, cognitive restructuring, relaxation training and graded exposure (2, 3) . The latter exposure is often regarded as the crucial component of therapies for phobias and other anxiety disorders. According to emotional processing theory (EPT), exposure to the feared stimulus activates the fear network, and activation of this fear network is seen as a necessary condition for improvement (18) . The concept of a fear network stems originally from Lang (19) and Rachman (20) . "Fear structures" within the fear network comprise of a "network" of stimulus (e.g. turbulence), response (e.g. racing heart) and meaning (e.g. we will crash, I will die) components. Activating any part of the fear structure (e.g. a racing heart) will generalize to activate other parts of the structure (18, 19, 21, 22) . Emotional processing involves incorporating new information into an existing fear structure, allowing for both a decrease and an increase in the emotional response. Integration of new information that is incompatible with the existing fear structure will reduce fear by replacing (18) or competing with (23) the original fear structure.
According to EPT, successful emotional processing is indicated by within-session habituation of fear responses, reflected in reduced subjective anxiety and physiological arousal during exposure. Although ample evidence exists for beneficial effects of treatment on within-session habituation, there is only scant evidence to suggest that this within-session habituation translates into long-term treatment outcome (22, 24) .
Beneficial effects of treatment on the adaptation of subjective anxiety and physiological arousal across multiple exposures are the second indication of successful emotional processing expected by EPT. This between-session adaptation is believed to involve higher levels of cognitive operations and long-term habituation (or extinction, but to avoid confusion we conform to the EPT convention and use habituation throughout the paper) by means of evaluative learning (21, 24) . Most studies on different phobic behaviors find support for a positive relationship between between-session adaptation and long-term treatment outcome (for an overview see 22) . However, some report little (21) or no predictive value of between-session adaptation for treatment outcome (25) .
To our knowledge no research on the relationship of between-session adaptation and outcome has been published within the framework of fear of flying.
In this study we report on both subjective and physiological reactivity in individuals with fear of flying to flight-related stimuli and to real-flight. A large sample of aviophobics who applied for therapy was followed up from diagnostic assessment up to three years after finishing therapy to examine how their fear of flying and actual long-term flight behavior were affected by treatment. We first assessed fear activation as the increase in self-reported anxiety and physiological arousal during exposure to flight-anxiety inducing videos, a flight simulator and two real flights. Secondly, we assessed whether within-session habituation and between-session adaptation of self-reported anxiety and physiological arousal predicted the short and long-term effects of exposure therapy.
Flight anxiety scores taken directly after two exposure flights were used as an indication for short-term effect. Flight anxiety three years after finishing therapy, and the number of flights taken in this three-year period were used as an indication of long-term effects.
We predicted better therapy outcome (less flight anxiety, more flights) for participants with a more pronounced activation of the fear network during exposure, with a higher within-session habituation during exposure and a larger between-session adaptation.
Furthermore, we expected that the prediction of therapy outcome would be improved by adding measurements of physiological reactivity to self-report of anxiety.
MethOds And MAterIAls

Participants
The 79 participants (37 men) with an average age of 40.4 (S.D. = 11.0, range from 20 to 61 years) in this study were aviophobics, who participated in a cognitive-behavioral group treatment (CBGT) to overcome their fear of flying. Most participants were selfreferrals. Health care agencies, health care professionals and company health programs referred a minority of participants. Airline personnel were excluded from this study.
Other reasons for exclusion were current use of cardioactive medication like β blockers, pharmacotherapeutic medication and a concurrent panic disorder of such severity according to the treating psychotherapist that it would seriously interfere with the 6 treatment of fear of flying. Inclusion criteria were a good understanding of the Dutch language and no flight scheduled before end of the CBGT. Written informed consent was obtained from all participants before the start of the diagnostic process. The Leiden University Medical Center medical ethics committee approved the research protocol.
therapeutic procedure
Participants in this study followed a highly standardized treatment program for fear of flying at the VALK foundation in The Netherlands, as described in detail elsewhere (6) . Briefly, the fear of flying program starts with a diagnostic assessment, followed by individual therapeutic sessions covering relaxation and breathing techniques, psychological factors involved in fear and anxiety, and coping skills. Claustrophobia, acrophobia, traumatic transportation accidents and traumatic social events were addressed if applicable. Participants started a two-day cognitive-behavioral group treatment (CBGT) within 5 weeks from diagnostic assessment. The first day of group treatment offered technical information on flying and psycho-education. The second day of CBGT started with cognitive training. The afternoon focused on exposure and included in vivo exposure to two simulated flights in a full motion cabin flight simulator normally used for cabin crew flight safety training and two real flights on a commercial airliner.
data collection Procedure
Before the start of the diagnostic assessment, before each individual therapeutic session, and at the beginning of both days of CBGT, an ambulatory monitoring device was attached to record changes in physiological arousal. During all visits to the VALK facility, and the first day of CBGT, subjects were regularly exposed to an anxiety inducing flight video. The flight video was preceded by a neutral video. Different videos, each lasting six minutes, were used on each repetition. Video exposure moments were before the start of the diagnostic phase, at the end of each individual session and three times during the first day of CBGT. Subjective units of distress (SUD) were measured directly after neutral and flight video presentations. On the second day of CBGT, SUD's were collected midway in the morning program (shortly before the start of the in-vivo exposure), directly after both simulator flights and during both flights directly after doors closed, during cruise flight and after landing before doors open. The day after the exposure flights, data was analysed off-line. The ambulatory monitoring device has an event marker and a built-in vertical accelerometer. Both the therapist and the accompanying pilot kept a detailed log during both flights. All these resources were used to select movement-free and artefact-free periods that lasted at least 5 minutes each around the times the SUDs were collected. Physiological reactivity scores were computed based on these 5-minute periods to ensure the temporal overlap of the subjective and physiological measurements of fear activation. After disembarkation, participants filled out questionnaires on flight phobia. Thereafter, the ambulatory recording device and electrodes were removed. Posttreatment flight anxiety data were collected at three months and one year after CBGT.
Participants furnished long-term effects of therapy by providing a flight anxiety score three years after therapy, and the number of flights flown within these three years.
Data collection was from October 2006 to October 2010. The entire timeline for the data collection, therapeutic and follow-up procedure is captured in figure 1 .
Physiological recordings
Heart Rate (HR), Respiratory Sinus Arrhythmia (RSA) and the Pre-Ejection Period (PEP)
were recorded using the VU-AMS (version 4.6, Vrije Universiteit Amsterdam, The Netherlands; www.vu-ams.nl). The VU-AMS is a lightweight ambulatory device that unobtrusively records the electrocardiogram (ECG) and impedance cardiogram (ICG) continuously by means of six Ag-AgCl electrodes attached to the torso region (26, 27) .
Subjects habituate easily to the device while maintaining full freedom of motion. The apparatus has an event marker and a built-in vertical accelerometer, which output can be used to select movement free periods for analysis. RSA is a measure of parasympathetic control (28) , whereas PEP is considered a measure of sympathetic cardiac control (29) .
Scoring of these variables was automatic, followed by visual inspection of the impedance and respiratory signal from the entire recording. Details on scoring of these variables, recording methodology, reliability and validity are described elsewhere (30, 31) . Briefly, from the ECG (sampling rate 1000 Hz) the HR was obtained from the time between two adjacent R waves. PEP was defined from the ECG and ICG as the time interval from the Q-wave onset, the onset of the electromechanical systole, to the B-point (from the ICG), which signals opening of the aortic valves (27, 29) . RSA was obtained from the ECG and thorax impedance derived respiration signals by subtracting the shortest interbeat interval during HR acceleration in the inspirational phase from the longest interbeat interval during deceleration in the expirational phase (i.e. the peak-through method) (32) .
When no phase-related acceleration or deceleration was found, the breath was assigned a RSA score of zero. Fear responses are characterized by increases in HR, shortening of the PEP and decrease in RSA. 
Fear activation, within-session habituation and between-session adaptation
To quantify individual differences in fear activation during exposure to the phobic stimuli we used the changes in subjective distress scores and physiological arousal over Between-session adaptation for the video stimuli was operationalized as the attenuation in reactivity with repeated exposure over time. Between-session adaptation for the simulator was obtained by subtracting reactivity from the second simulated flight from reactivity to the first simulated flight. Likewise, for real flight between-session adaptation scores were created for taxi-out, cruise, taxi-in by subtracting reactivity to the second flight from reactivity to the first flight. For instance, for subjective distress at taxi-out, between-session adaptation reflects the decrease in SUD reactivity from taxiing-out during the first to taxiing-out during the second flight. Figure 1 provides a schematic representation of fear activation, within-session habituation and betweensession adaptation.
therapy outcome
Short-term effect of therapy outcome was operationalized as the flight anxiety score taken just after both exposure flights (VAFAS post-flight). Long-term effect of therapy outcome was operationalized as the flight anxiety scores three years after treatment, and number of flights taken in this three-year period.
Missing data
Participants in this study were not a homogeneous group. Several participants had never flown before. Some had made more than 25 return flights before onset of their phobia.
While most participants needed only one or two sessions, three participants did not require any preparatory sessions before start of the CBGT. Twelve participated in the third individual therapeutic session, and just three participants needed all four therapeutic sessions. The low number of participants during the third and fourth individual therapeutic session severely restricted meaningful conclusions on the video responses during these sessions. We therefore excluded these sessions from the analyses of the video responses. Missing data analysis showed no systematic differences in the video responses to the first two sessions for participants who participated in more than two individual sessions and participants who attended two or fewer individual therapeutic sessions. Because of scheduling conflicts, a few participants were unable to attend to video presentations during the first or second individual sessions. Because of time constraints not all participants viewed the third video presentation at the end of the first day of CBGT. This led to the adoption of MIXED ANOVA RM as the main analysis strategy as it handles missing cells in repeated measures data without removing subjects.
One flight was cancelled due to adverse weather, resulting in the loss of flight-data of two participants. All other participants furnished subjective data during both days of CBGT, including both flights. Physiological data of two participants was lost due to equipment failure during flight. The security checks at the airports were a major challenge for the physiological measurements. The electrodes of the ambulatory measurement device required a physical patting down of all participants, after security screening 19% of the recording devices did not record one or more variables properly during one or both flights. In total, 55 participants provided uncorrupted physiological data at all flight phases, while another 20 participants furnished partially usable physiological data. Long-term effect of therapy outcome was operationalized as the flight anxiety scores three months, one year and three years after treatment, and number of flights taken in this three-year period. However, only 57 out of 79 participants attended the followup session three months after CBGT, and a mere 38 participants returned written questionnaires one year after therapy. Response rate (n=67) three years after CBGT was considerably higher when we used email for data collection. Consequently, analysis of long-term effect of therapy was restricted to the three-year follow-up data from these 67 participants. Missing data analysis on all physiological data and all questionnaire data available revealed no systematic differences between completers and the participants lost to follow-up. Repeated measures MIXED ANOVA with condition (baseline, sim1, sim2, flight1 taxi-out, flight1 cruise, flight1 taxi-in, flight2 taxi-out, flight2 cruise, flight2 taxi-in) were used to analyse the in-vivo reactivity during the second day of CBGT. Omnibus significance of the condition effect was followed by post-hoc inspection of reactivity to the individual conditions (i.e. the difference between exposures and the baseline) to test fear activation in these conditions. Between-session adaptation was tested by planned contrasts of the reactivity to both simulator flights (T13-T14) and reactivity to similar conditions during both real flights (T15-T18, T16-T19, T17-T20). Within-session habituation was tested by comparing reactivity to taxi-out and taxi-in during both flights (T15-T17 and T18-T20). The significance level was set at .01.
Multiple regression analyses were used to assess whether fear activation, within-session habituation and between-session adaptation of self-reported anxiety and physiological arousal predicted the short and long-term effects of exposure therapy. Predictor variables were the reactivity scores reflecting fear activation, and the contrasts between reactivity scores reflecting within-session habituation and between-session adaptation as outlined previously. Outcome variables were the short-term and long-term effects on fear of flying and actual flight behaviour. Reactivity, habituation and adaptation scores with a zero-order correlation with p ≤ .01 were included into the regression equations.
Such full models are in agreement with the Journals guidelines. Although the use of full models avoids selection bias, these models are often large and complicated (36) . In view of the large number of predictive variables, and to safeguard against overfitting and underfitting, in a secondary analysis redundant predictors were removed by means of bidirectional elimination based on maximizing the adjusted R-Square, that is, mainly removing items with a high mutual correlation and low semi-partial correlation (36) (37) (38) (39) (40) .
As nearly identical results were obtained compared to the full model, we report on the latter analysis only.
results clinical characteristics
On average participants received 1.7 (S.D. = .9) individual therapeutic sessions between the diagnostic assessment and start of the CBGT. Three participants did not require any preparatory sessions before start of the CBGT while only three participants needed all four therapeutic sessions. Table 1 Table 2 shows values for SUD and all three physiological variables at the different times of assessment. For the SUD variable a significant condition effect (neutral -flight) was found [F(1, 88.9) = 94.2, p< .001, mean difference 1.1, 95% confidence interval 1.3 -0.88].
Video exposure
Fear activation
Post-hoc analyses of the condition effect revealed that participants reported significantly more distress to a flight video than to a neutral video at all measurement moments. Of 
Between-session adaptation
For the SUD variable a significant time-by-condition interaction [F(5, 58.8) = 3.5, p = .008] was found that was caused entirely by a peak response to the first video exposure at the diagnostic assessment (T2), as can be seen in figure 2 . RSA showed no significant timeby-condition interaction effect [F(5, 128.7) = 2.5, p = .034]. Because HR and PEP reactivity to the flight videos were non-significant, no between-session adaptation analyses were performed. Table 2 . Mean (SD) of SUD, HR, RSA and PEP during neutral-and flight-video presentations.
Type of Video S UD HR(bpm) RSA(msec) PEP(msec)
Neutral Video T2 
Between-session adaptation
Between-session adaptation from the first simulator flight (T13) to the second simulator flight (T14) was significant for SUD reactivity and RSA reactivity (all p < .001). During the real flights, all planned contrasts [taxi-out flight 1 (T15) versus taxi-out flight 2 (T18), cruise flight 1 (T16) versus cruise flight 2 (T19), taxi-in flight 1 (T17) versus taxi-in flight 2 (T20)] showed significant between-session adaptation for SUD (p < .001) and HR (p < .01).
RSA reactivity showed a trend for between-session adaptation from T15 to T18 (p < .05),
while PEP reactivity showed a trend for between-session adaptation from T17 to T20 (p < .05). Solid arrows in figure 3 display the significant between-session adaptation.
Within-session habituation
Both SUD reactivity and HR reactivity showed a significant (p < .001) within-session decrease during both flights (T15-T17 and T18-T20), with a trend for PEP reactivity in the same direction (p < .05). RSA within-session habituation reached significance only for the first flight (T15-T17, p < .001). Dotted arrows in figure 3 display the significant withinsession habituation.
short-term and long-term therapy outcome Figure 4 depicts flight anxiety scores (VAFAS) at diagnostic assessment (T1), post-flight (T21), at follow-up three months after CBTG (T22), and one (T23) and three (T24) year after Multiple regression analyses were performed to examine whether therapy outcome could be predicted by activation of the fear network and within-session habituation and between-session adaptation of self-reported anxiety and physiological arousal.
Reactivity scores for SUD, HR, RSA and PEP were all used as predictors to which the changes in reactivity within exposure sessions were added (within-session habituation), as well as the changes in reactivity across first and second exposures (between-session adaptation). Physiological variables were added in a second step to assess whether prediction improved by adding the measurements of physiological reactivity to selfreport of anxiety. Table 4 ). The direction of the effect for the SUD, however, was not as expected.
Higher, not lower, self-reported distress reactivity during the cruise portion of the first flight was associated with higher levels of flight anxiety post-flight.
Long-term effect as defined by the VAFAS score three years after treatment was predicted (R 2 = .29) by SUD reactivity pre-exposure (T12), in combination with HR reactivity still present at the end of the second exposure flight (T20). Higher levels of SUD reactivity just before in vivo exposure corresponded with higher levels of flight anxiety three years after treatment, while a lower HR reactivity at the end of the second flight was associated with less flight anxiety three years after treatment (Table 4) .
Number of flights taken in the three-year period after treatment was predicted only by SUD reactivity (R 2 = .14) during the cruise portion of the first flight (T16), as no other predictors met the inclusion criteria for the regression analysis. Again, higher, not lower, levels of self-reported distress reactivity during the cruise portion of the first flight were associated with fewer flights flown (Table 4) . Table 4 . Prediction of therapy outcome by subjective and physiological reactivity and their within-session habituation and betweensession adaptation (n = 67). .154
Beta
SUD-reactivity Cruise Flight 1 (T16)
.393
.097
2.99
.004
Step 2
.600
.360
SUD-reactivity Cruise Flight 1 (T16)
.388
.086 3.13
.002
HR WSH Flight 1 (T15-T17) .455
.534
.285
SUD-reactivity Pre-exposure (T12)
.406
.225
3.11
.003
.455
HR-reactivity Taxi The temporal pattern of diminishing physiological and subjective responses to flight (related) exposure has been reported before (7, 10, 14, (45) (46) (47) . On average, at group level, almost all studies report a simultaneous habituation of both physiological reactivity and subjective reactivity in the course of exposure. Nonetheless, most support for EPT to date on within-session habituation has come from animal studies (24) . The few studies with humans show inconsistent results with regard to within-session habituation and treatment outcome, and these yield no evidence for self-report of habituation as an indicator for emotional processing (7, 24, 45) . Only Hayes et al. (44) , in a study with In the present study, despite all the indicators of adaptation of subjective distress across repeated exposures, no relationship emerged of between-session adaptation with any treatment outcome. Adding physiological reactivity did not help; neither high levels of fear activation nor stronger between-session adaptation predicted treatment outcome.
These findings add to the many studies in other domains that found contradictory results on the predictive power of between-session adaptation (21, 22, 24, 25, 44) . A strong point of the current study is the use of a relatively large sample of true aviophobics in combination with self-reports of flight-anxiety and measurements of actual behaviour three years after finishing therapy. Outcome studies within the domain of fear of flying are rare. A few studies included physiological measures, however most studies lack sufficient number of participants, did not use in-vivo exposure or made use of nonclinical participants (for details see 45).
In conclusion, our results do not support most of the predictions derived from EPT.
Fear activation acted partly in the opposite direction as expected, between-session adaptation of fear reactivity had no predictive value and only physiological indicators of within-session habituation had a relationship with flight anxiety directly after in vivo exposure, but were not related to long-term outcome measures. Alternatives to EPT are direly needed to explain the effectiveness of exposure therapy to change phobic behaviour. Possibly, the emphasis has been too much on affective processing at the cost of cognitive processing. Basal to exposure therapy are expectancies regarding the possibility of aversive events with negative consequences. Exposure to a feared situation without the expected aversive events actually occurring evokes extinction.
Recognition of this mismatch is an information-processing activity. The active ingredient in exposure therapy might therefore be of a cognitive nature, such that changes occur in the expectancy of threat and harm (48) , which then lead to reduced fear activation.
As effective information processing is known to deteriorate under conditions of fear activation, this may be the source of the detrimental long-term effects we found in participants with the highest SUDs during actual flight (49, 50) .
Alternatively, exposure therapy might not reduce fear activation at all but simply enhance willingness to experience and tolerate the symptoms that are induced by fear (25) , which might be more challenging with severe fear reactivity. Hence, fear tolerance rather than fear reduction might have to be the primary goal of exposure therapy (22, 51) . Meuret (52) reported promising results with acceptance and commitment therapy (ACT) preceding exposure. ACT may facilitate engagement in exposure exercises, thereby maximizing the mismatch effect of expected aversive events not happening, while cognitive therapy preceding exposure may reduce the expectancy of a negative outcome before exposure and thereby lessen the mismatch between initial expectancy and actual outcome (53).
6
Consolidation of progress could benefit from post-exposure cognitive interventions, instead of pre-exposure cognitive therapy. Recently an increasing number of publications emerged on inhibitory learning independent of fear reduction (24, (53) (54) (55) (56) . Instead of weakening of the original fear memories, these theories focus on the establishment of new memories that compete with the original fear memories (57) . Exposure designed to disconfirm expectancies, exposure in multiple contexts, and the removal of safety signals during exposure could enhance treatment efficacy and prevent relapse by optimizing associative learning (43, 53, 56, 58, 59) . Future studies on the effectiveness of exposure therapy focussing on optimizing conditions for exposure, in combination with the nature and timing of ancillary therapies seem warranted. Such studies would do well to measure both subjective as well as physiological aspects of fear activation. The current study confirms that these two domains provide partly independent information.
